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This is the design of a lunar core d_ill that is expected to

operate safely in the lunar environment, to extract core

from the ground of the moon with 3/4 of an inch in diameter.

instrument is to be mounted on a backhoe (also designed to

on the moon), and to be driven by a hydraulic motor. A detailed

description of the various parts oT this machine has been

presented along with detailed drawings°

samp Ies

T h e

work
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There were many problems encounterred in the design of the

lunar core drill with most created by the lunar environment. The

temper'ature can range Trom 20o degrees farenheit to negat.ive 2(z_0

degrees farenheit which is .Far- Trom the conditions found on

earth. There is also the problem of intense radiation on the moon

caused by the lack of an ozone layer" or similar atmospheric

protection. Moreover the gravity on the moon is one si;.'th of t.hat

on earth., and thus it takes one si;.'th oT the force r-equired on

earth to move an objeFt. To c_omplic-ate matters even more the

lunar environment contains no air; a situat_ion not enc-ounterred

on earth. When dealing witl7 core drilling on the moon, another"

factor" that must be taken into consideration is the ease of

tr'ansportation to the moon and the ease o'F use on the moon. It

costs a tremendous amourTt of money to send equipment to the moon

so the less the vJe:i,ght the bet.ter. The less space omc-upied by the

core drill pac:kage would be another step in t.he right direction.

The ease of use is yet another imp_7rtant Tact.or,, The drill system

must be easy to assemble, d:i.smantle, and replace components° TlTe

more romplicated the drill assembly the more problems possible,

and on the moon there are no repair shops or parts warehouses.

F'E F;i:::"0 R MA !'-.IC E !l.............F',,IT_:::'_,.._.......... V E S

J E-] =._ l i,_ 17 a ]. U, 17 a F" E 0 r eTIT_--._main (-)bjec:tive of the project _,,._asto r .._,....:

drill able to drill ver-tically _-'0 Tt. into the moon to obtain
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conso],idated core samples having a radius of approximately

O.4.,_ in.

[_0NSTRAI NTS

The

respec]ts.

importance. Any opening no matter how small will allow air t:o

escape into the environment and the fluid w:ill evaporate. The

vacuum environment al.so prevents the ground up chips at the bit

face from being flushed away by liquid means. As a result an

alternate dust removal method had to be devised,, Since the

gravity on tlne moon is one si.%'th of the earth'_s the anchoring

environment constrains tlne lunar core drill in many

The cluality oT the hydraulic seal. s is oT crucial

system was of the utmost importance. The system must be anchored

or held solidly to the ground otherwise the thrust exerted by the

hydraulic" system will push 'the assembly oT; the ground and t.he

cutting act:ion will be reduced signif:icant, ly,, The high radiation

count and wide t.emperature range in the lunar environment allows

for only the least, sensitve metals and synthet:ic rubbers to be

used.

COFIE I,:!"I-i :[)EI3 ]: C}i-...i



3. ,: F:'URF::'OSE

The f i nal

combination of

manufactured by

discovered by

environment.

bit design for the lunar

the standard EWG size

Acker and the optimal

c:ore drill was a

diamond cor-e bit

design parameters

NASA during their research in a simulated lunar

A considerable number o.F modifications were made on

the standard drill bit design when taking into account the lunar

environment. The two top prior-ities considered in the design

process were the durability of the bit. and the dust removal from

the bit.

.,.-'.,, DIBMOND ,...__,--,,..,,..,r'lr,,'.::C'IF:-ICATIO N

The selection process for the type of diamond to

inwJlved such fac:tors as durability and cutting ability,,

standard bit, Acker uses AAA quality West African Boartz

be used

For the

diamonds

with o_'_"tahedron or dodecahedron crystal structures with sizes

ranging from l(]/carat t.o 50/car-at clepend'i, ng on the hardness oT

the rock being dri. lled through. However, NASA used AAAA quality

Boartz diamonds in their ei.'periments. AAAA quality d:i. amonds ar"e

more uniTorm and oT a higher quality than the AAA type and thus

are less susc:eptiblke to failure under lunar or, for that matt.er',

earvhly operat:i, ne cold:itions, The octahedrmn crystal structure

was chosen over the dodecahedron structure because of its greater

cutting ability although the lives oT the stones are

appro.'.'imately tlne same. It has sharper edges for cutt:kng rock and

7



with the possible use of a microprocessor to control the

penetration rate according to the cutting easg this crystal

structure :is preferred. The weight or the size selection of the

diamonds must be made according to the hardness of the rock

formation. In the simulated lunar envir-onment that NASA created ,

iron rich basalt uas used because of the similarity of its

properties t.o 'that of moon rock. The hardness of basalt lies

between those of feldspar and quartz and according to the Acker

catalogue the choice would be a diamond of 26/carat size. Along

these lines NASA concluded that the 20/carat stones wer the best

cho:ice simply because they gave a better life than the larger

15/carat ones uhose shorter life was tcaused by the stone:'s planes

and points tending to be more rounded than the smaller weight

stones.

3 ,, _) :J.,::lfB,.';3r7d 0r i ('?r_L';.:,t :i.c:,i7 .:'_:_;7c:i [:::_.;;;_t-:t Eg i7

When clesigning tlne drill bit diamond orientation and pattern

the r'esuilts from NASA:'s lunar coring simulation were heavily

consulted_ The two most important parameters set by tlne NASA

operation in determining tlne bit" s cliamond orientation and

pattern were an average diamond protrusion on the bit face of

0.(]I10 in_ and pattern of 31 complete line circles(a line circle

is a radial row of diamonds) on the bit face° These two values

affected the spacing between diamonds and the width of the dust

removal clnanne.ls on the face oT the drill.], bit to be cast,, The

diamond protrus:ion of 0,,010 in,, was found by NASA to give the

Oi_:_._,_...... i",_,i:_: ' _:
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T ten

optimum bit life as was the 31 line circles. Given a protrusion

of 0.210 in. for an octahedron the length of a side oT the

diamond at the bit face is 0. _.°_. in. witln a diagonal width of

0.0283 in. based on the geometry of the figure. In order to

determine the number of diamonds in each line circle the

thickness of the core bit obviously had to be taken into account,

but perhaps more importantly the principle that the space between

each adjacent diamond on the plane of the bit face whether"

adially or circumferentially has to be less than the width of

the diamond. Otherwise the matrix could contact on the rock and

uin the bit. For the radial spacing of the diamonds the problem

as solved as follows:

adial thickness of bit face = 0.1125 in.

width of diamond at bit face = 0.02 in.

number of diamonds able to fit = 0.3125 in./0.02 in. = 15.625

In other words there is room for- 15 diamonds to fit in

radially. However there must be some space ,_or dust to flow

so that it may reach a dust remova]. Flnannel or' be moved to the

outside by centrifugal forces before r'eaching a channel. Any

number oT diamonds Trom eight to twelve would be adequate, but

would allow .,_or the best combination o.f: dust removal and

matrix safety. Therefore the radial distance betueen each

diamond will be (0. I125 in. - l('i(O.02in.)/9 = 0.0125 in.

In det.ermining the angular spacing oT line circles the same

principle was taken into account, while assuming_ for the time

being, there was no I() line cirrle stipulation (changes from 31

to 30 line circles -;or the ease o; calculation). By r'easoning

•that if the last two line circles were within 0,,02 in,, o4: each

,? OP, t'Gi_,:..':,,L _V,'..';£ 13
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other (or 0.04 if measured from the centers of the diamonds, the

angular spacing would be acceptable. The problem was solved as

fol Iows:

The last diamond on each line circle has its center located

approximately (0.735 in. - 0.01 in.) = 0.725 in. away from the

center" od the bit face plane. Traveling along this newly

created radius the next diamond center- must be at most 0.04

in. away. Therefore the angular spacing of the line c:ircles

will be (0.04in./0.725in.) _180/PI)=3.16 degrees=theta. To have

an easier figure to work with theta will be set equal to 3.0

degrees. At the innermost radius the diamonds will not touch

even at this angle. (3) (PI/180) (0.4235in.)=spacing=0.0222in.

0.02 in. < 0.0222 in. "::0.04 in.

Now the bit will have 120 line circles which :is far too many, but

in the next section concerning the bit matrkx contour the number

will be reduced to 30 with the unused area being r-eserved for the

critically important dust removal channels.

]'he stones on the bit face were each given a negat:ive rake

angle of 4.5 degrees because according to the NASA exper:iment

this angle was the optimum for bit life and cutting ability. The

stones on the inner and outer radii are not involved in as an

intense cutting process as those on t.he face, and therefore do

not require any rake angle, but nonetheless perform vital

functions. The diamonds on the inside shape the cor-e diameter

uhile those on the outside shape tlTe wall of the hole. The

diamonds on tlne :i.nside and outside diameters are mere]y

continuat:ions of those on the face with their l:ines of centers

, , _ o



running parallel to tlne centerline of the bit shaft..

4 ,, B i t Ma t r i .'..- C _:._nt F.,ur

In designing the bit matrix contour the top priority was to

have an eTficient as possible dust removal system since nearly

80% of all the Ineat caused by drilling remains in the chips and

these chips cannot simply be flushed away by liquid means. An

excess amount oT chips on tlne bit face cannot only cause me].t:ing

of the bit but obstr'uct cutting of the rocl.::formations. One

possible method c:onsidered was to have a flow of pellets pushing

the clust to the out.side periphery., but there was a very limit.ed

amount of space to create such a system. Therefore the only

seemingly acceptable dust removal system was to have channels in

the face of the bit leading to the-auger flights on the outside

in a similar fashion to NASA_s design. As stated earlier,

NASA found 30 ].:ine circles to be approximately the most effective

number to have. "['he goal was to Inave the widest dust removal

channe].s possible at. the smal].est possible angle Tr'om the

respective inner radius tangent. The final matrix Tace design as

seen on sheet IIA provided an acceptable scheme Tor removing dust

from the bit face and inside diameter. It provides a good

combination oT a small enough angle to allow easy chip flow to

the outside uti].iz:ing centrifugal force, ancl a wide enough

channel to allow large flows of dust to leave the face. The dust

removal channels interrupt what would be the 90 remaining line

circles giving the bit the 3(..1 _-omplet.e ones plus 40 a(-Iditic._nal

i n c omp 1 e t. e o n e s. T h e 4.(._ i n c:o mp 1 e t e 1 i n e c: i r c: 1 e _e a r e i] ec es s a r y t o

. ,_ _., _ ....
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keep

worn down by the grinding

depth of the

auger- flights

channels for

action of the rock chips°

channels were calculated using the depth

the surTace of the bit not channeled tlqrough Trom

The

of the

machined into the core barrel. There are ten

dust removal leading 'to two auger flights in the

being

fashion depicted on sheet II oT the diamond core bit drawings.

The dimensions and specifications oT t.he entire matrix are given

on sheets II-IIC.

The depth oT the dust removal channels as seen on sheet I I

was calculated using the diameter oT the bit, the diameter oT the

core barrel, and the depth oT the auger flights. Since the auger

flight depth is el.05 in., the channels in the bit Tame must be

deeper than 0.05 in. to make up Tor the extra 0.015 in. oT radius

the bit crown has opposed to the core barrel's. There must be a

continuous channel changeover from the bit to the r-earning shell

and outer barrel. The depth oT the dust removal channels is

thereTore 0.015 in. .+.O,,(J_"_ in. = (3.065 in°

P'"I l:"r'' DLIST ,"..E_I"":"! ....."'Ik,._,...,....t"_<_':: _-.',':!::i-: ,: ..................................................

I. BACKGROUND INFORMATION

I.I. CORE DRILLING

Core dr:i. ll:i. ng is "the promess oT obtaining cy].:indric.al so:i. 1

samp].es Tor sit.e preparation prior to I]uilding,, There are thl'ee

methods oT c.-ore dri 1 1 J.ng: r"otary, percussion, and r"otal-'-'y-l:3erc::us-



sion. Rotary drilling shears the rock with a rotating hollow

cylindrical drill bit. The bit is attached to the driving motor

by a hollow core barrel which contains the cor-e sample. Percus ....

sion drilling is impact drilling. The core barrel and bit (drill

string) are driven by a percussion mechanism which lifts and

drops the drill string repeatedly to impact i.ts way through the

soil. Rotary-l:_ercussion drilling combines the methods of rotary

and percussion drilling to penetrate the soil by impacting with a

rotating bit.

I,.2. CUTTINGS REMOVAL AND BIT COOL..ING

As

removed

pumped

the drill cuts, the cuttings which are produced are

by flushing with water or- air. The removal medium is

down the inner annulus of the core barrel, flows around

the bit and up the OLvter annulus of the core barrel _.

This process serves two purposes: to remove the cuttings and to

cool the bit. If the cuttings are not removed, the bit will

eventually bind in the hole because the friction will become t.oo

great for the motor' to turn the drill string. The flow of the

removal medium in this case serves to tr-ansport the cuttings from

the botto_r c0.f the hole to the surface. Also, the energy to

fracture the rocks in the ground procluces heat at the bit-.rock

interface, and, therefore, bit overheating becomes a problem.

The flow of tlne remova], medium around the bit serves to cool tlne

bit by convection.

13
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1.3. LUNAR PROBLEMS

water and

ineffective

dissipation.

HDwever., because of the vacuum Df the lunar environment._

ot.her gases would di f f use._ and therefore become

as a method for cuttings removal and heat

For the lunar' environmerY_., a system needs to Lie

developed whirh _ill be able to remove the cuttings and dissipate

the heat produced by a lunar core drilling operation.

2. PURPOSE

The purpose o_: this repor-t is to propose a design which will

solve the problems of cuttings removal and bit heating to permit

c:ore drilling on the lunar sur-face.

3,, AI_.TERNAT I VES COI',IS I DERED

:i.z:i.

PAGE
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3.1. SUSPENSION TRANSPORT

Suspension transport is the method of removing cuttings by

means of a liquid or gas medium. In the lunar environment,

liquids would be useless for cuttings removal because they would

vaporize into the atmosphere and, therefore, not be able to

transport the coring dust. However, a compressed gas with proper

release around the bit may be able to remove the cuttings. This

type of system would be similar" to the systems now used on Earth,

although it would require a complex manifold to properly

the compressed gas around the bit. Also, it would

storage tanks for the compressed gas. In general, gas

tanks are heavy, and this extra weight certainly needs

considered if it is to be transported to the Moon.

rel ease

require

storage

to be

3.2. MECHANICAL TRANSPORT

Mechanical transport :i.sa method oT r-emoving c:uttings by

cont:i, nuous screw transport us:i. ng helical Tlights (auger- system).

This means that the chips are channeled into a spiral flight and

are l. iTtecl by the screw action o.f the rotating core barrel_

Ideally, the volume flow rate oT coring dust through the screw

equals the pr-oduct:i, on rate of cuttings by t.he bit. However, in

actual practirJ:e, chips fall out between the auger and the hole

wall so that the Tlights Lend to recycle the cuttings. In this

case, the volume Tlow rate oT c:uttings transported by the auger

flights must be greater than the production rate at t.he bit.

Mechanical trar"_sport is commonly used in ice c:ore drilling which

is sim.iilar to lunar dr":illi, ng :in that. water" .;lushing can not be

OF PO0_ ,Q_JALII"Y



used because the water woulcl freeze in the hole. Therefore, this

is a proven method which can be applied to lunar core drilling.

4. CONSTRAINTS

Our assignment was to obtain fiTty Toot core samples for

site exploration on the Moon prior to building a lunar base. We

were instructed to use the smallest standard diameter drilling

equipment (bit, core barrel, and drill rods) to reduce the

drilling power requirements and the total system weight.

5. PRELIMINARY DESIGN

Because of its simplicity, proven effectiveness, and

comparitive light weight, I have chosen to use the auger system

for our' preliminary Lunar Core Drill design° This system will

require the design of auger flight.s to transport the cuttings and

a clnip basket to contain the coring dust. The double tube core

barrel is a pre_sently available tool which can accomplish this

task. The double tube core barrel is a device in which the outer

barrel connects the motor to the drill bit and the inner barrel

contains the cylindrical core sample. A bearing system <head

assembly) separates the outer barrel Trom the inner barrel to

keep the inner barrel from rotating, thereby producing a more

distinguishable core. For our system, auger flights could be

machined into the outer barrel, while the inner barrel c.ould be

modified to contain the core and the cuttinqs.

5. i. AUGER FLIGHT DESIGN

ORiCK, o •: .... ' __
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5.1.1. Cuttings Removal

The primary Tunc-tion oT the auger' system is to remove the

cuttings produced by the drilling operationN Therefore, the

auger flights must pick up the cuttings as they are produced by

the bit and lift them to the surface of the hole or into a chip

basket.

5. i. i.I. Auger Angle

The auger angle is the pitch oT the auger flights., and it

controls the speed at which the cuttings are lifted. A higher

f

auger angle increases the rate which the cuttings move up the

barrel., thereby increasing the volume flow rate of cuttings

transported in the helical Tlights. However, it also makes it

more difTicult for the chips to enter the Tlights at the bit,

and increases the power used to liTt the cuttings. A lower auger

angle., on the other hand., reduces the power required and makes

the entry oT the coring dust into the Tlights easier, alt.hough it

also reduces the volume flow rate of the transported cuttings.

Therefore, a compromise must be reached to reduce the power

required and increase the ease of rJuttings entry into the auger

flights while still maintaining an adequate volume _low rate

through the he].ical flights to keep up with the volume of

cuttings produced by the bit.

5.1.i.2_ Auger Flight Dimensions

The auger flight dimens:i, ons determine the vo].ume flow rate

ORIGINAL ,r;:_,CE i:3
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of cuttings which can be transported for a given angular velocity

and auger angle. As the auger flight depth and width inErease,

the cross sectional area also increases, thereby increasing the

volume flow rate oT the transported cuttings. However, there are

limitations to the auger flight dimensions. If spirals are being

added onto the outside of the core barrel, the outside diameter

of the spiral helix can not exceed the inside diameter of the

hole being produced or friction will result° Also, if auger

flights are marhined into the barrel, the inside diameter- of the

spiral helix can not be smaller than the inside diameter of the

core barrel or you will ruin the barrel° For these reasons,

consideration of auger flight dimensions is necessary in

preventing later problems.

5.1.2. Bit Cooling

'The energy to shear the rock in rotary drilling produces

heat at the rock-bit interface. This heat is then transferr_ed to

the cuttings, the rock, and the hit. Since there is no

convective heat transfer from the lunar environment, bit

overheating will be a problem. As the bit. temperature increases,

the steel bit matrix will begin "to melt, causing deformatior_ of

the bit and a reduced penetration r'ate. Then, if the bit

temperature continues to increase, the diamonds will deform and

dull, stopping the drilling. Experimentation done by the Martin-

Marietta Corporation (ref.2) concluded that eighty percent of the

heat generated is transferred to the c_hips, part of the heat goes

to tlne rocks, and a small portion of the heat is transferred to

the bit. Therefore, if the cuttings can be removed eTfective!y

i Ei .... ._,_@ ....



by the auger system, dry core drilling can be accomplished.

5.2. CHIP BASKET DESIGN

Because of our .Fifty foot drilling depth requirement, it is

necessary to propose a chip basket design to prevent transporting

the cuttings to the Inole surface when drilling depths exceed ten

feet. I propose to modify the inner barrel of a double tube core

barrel to contain the coring dust as well as the core sample.

This would require division of the inner barrel by a plate

separator to prevent the cuttings from mixing with the core

sample, and an entry section through which the coring dust could

enter- the inner barrel from the helical flights on the outer

.rotating barrel.

5.2.1. Chip Basket Separator

The chip

approximately

diameter of

welded

sample

sample.

the inner core barrel. This flat plate

on the inside of the inner barrel just above

section to prevent mi;.'ing of the cuttings with

basket separator will be a c:ircular Tlat plate

1/4 :inc-h thick and the same diameter as the inside

will be

the (_-ore

the core

5.2.2. Chip Basket Entry

Entry of the cuttings into the inner barrel assembly will be

through a ho].e in the outer barrel and a vaned sec:tion in the

inner barrel

four steel rods,

_° Tlnis ent.ry .sec.b. ior_ wnuld cc_r"_tain

equally separated and welded ai"c_ur_d t.he inner

OF pOOR QUALITY



barrel section_

located at the

drilled in the

to permit easy cuttings entry_, and would be

same horizontal level as the holes which are

outer barrel at the end of the auger flights.

This will allow the cuttings to flow from the outer barrel auger

flight through the hole and the vaned entry section into the

inner core barrel.

HT"DF;-'.AL!L_I ;" _,,,/c:_"_:::'r,_=.
.................................. _'__.': ":::_2.':='i _--. !_::::._. "'.<

1 INTRODUCTION

1.1 BACKGRUOND

2 ,:'-i



Batteries

f easi b I e

Teasi bl e,

sLiTfi cient

hours,

twenty pound (20

during operation,

supply, however,

of system: The

diTTerential

friction.

In considering types Df prime movers for the lunar coring

drill, 'two basic systems were analyzed: electro-mechanical, and

hydraulic. Tlne electro-mechanical systems have two major

advantages; they are easily controlled and easily instrumented.

and Tuel cells are the only electrical power supplies

for lunar use_ Solar-electric converters are not

due to their .fragile nature and size requirements for

output. In order to operate the dr:i].l for eight

a two-thousand five-hundred pound(250(] ib) batery or a

Ib) fuel cell, which must be r-echarged twice

needs to be integrated into the system. Power

isn_t the only obstical presented by this type

mechanical drive, be it rack and pinion or

gear, posesses substantial wear potential and

Convential lubricants cannot be utilized to Tight

Triction in a lunar environment because of vacuum vaporization.

In comparison, however, hydraulic drives offer minimum

mechanical wear and friction. Hydraulics presents a whole new

area of problems, though. Two outstanding ones are:

l) fluid containment

2) heat disipation

of hydraulic fluid at the seal-actuator inter.Pace,

and

Vapor ization

el i iminates the use

containment, however,

molecular seals.

oT convential seals° Adequate f_luid

can be achieved using advanced polyimide

Since there is no convection in the lunar

environment, heat must ultimately be radiated away. Conducting

heat Trom tlne -fluid resevior(acting as system heat sink), to the

vehicle .frame.., Tor radiative heat tr-ansfer, allows for sufficie.nt

ORIGINAL PAGE IS
OF POOR QUALITY



heat dissipation from the hydraulic "Fluid.

A hydraulic system was ultimately selected to serve as the

prime mover in the lunar coring drill. Hydraulics offer

increased durrability over electro-mechanical systems and can be

modified readily for lunar use. As well as its

advantages, a hydraulic system is also more

desirable.

engineering

economic:ally

2 MOTOR QHOICE

A variable displacement axial piston type hydra'ulic motor was

chosen for use as the rotary actuator in the lunar coring drill°

An axial piston motor has less slippage, and hence more efficiency,

than either vane or gear type hydraulic motors. Higher

efficiencies are always desirable in any system but more so for

lunar systems. Delivering more power from the hydraulic motor to

the drill string decreases the amount of energy dissipated as heat

to the hydraulic fluid. The heat generated, however, does need

to br dissipated° Since, in a vacuum, heat can only be radiated,

the generated heat should be kept to a minimum.

2.1 MOTOR DISCRIPTION

Shaft rotation in a variable displacement motor depends on a

pressure gradient. The system consists of a rotor which connects

directly to the output shaft. Bores, located in a prescribed

anulus, are mac:hined into the rotor. Pistons, located in the

bores, slide on a tilted camplate.
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The pressure gradient, created by a pump, causes the pistons to

reciprocate and a flow to be induced,. For reciprocation to

occurs, the rotor- must spin and, hence, the output shaft must also

spin.

2.2 MOTOR PARAMETER SPECIFICATION

Table 1 shows the necessary requirements that must be met by

the hydraulic motor.

Q 23.42 in/s

T 800.00 in-lb

N 650.00 rpm

P 2500.00 psi

p 8.87 Hp

Q -flow rate

T - torque

N - speed p - power"

P - pressure

Table 1 - motor parameters

These parameters were calculated with a ninety-tlnree percent(93%)

efficiency assumed for each component of the system.. A complete

torque and motor parameter analysis may be -found in Appendix A.

3 HYDRAULIC CYLINDER

The cylinder lift force is determined by: the weight of the

drill string, weight of the motor, and in-hole .Friction. The

force required by the (drill string weight is two-hundred sixty

pounds(260 Ib). The force due to the motor- weight and in-hole

fi"iction, however, must also be included :i.n t.his analysis. In-.

hole fricti c_n _, during r'etrac-t i on., is estimated to be f i._:ty

pounds(50 lib). The terrestrial weight of the motor and mount is

approximatly two-hundred pounds(200 ib), which places tlne lunar



weight at around thirty-four pounds(34 ib). Therefore., with

adequate safety factors included., the total lift force becomes

one-thousand five pounds(1005 ib). Drilling., on the other- hand..

requires a one-thousand pound(1000 ib) push force. A thorough

analysis of hydraulic cylinder force parameters can be found in

Appendiv B.

3.1 CYLINDER SIZING

From the hydraulic cylinder force information given

the size of the bore and rod diameters can be determined.

bore diameter is obtained from the definition of pressure.

above .,

The

#.

P = Fd0_IA and A = I/db°,/4

Therefore:

d = _-¢_o_./P_

d = _-4(100(] Ib)/_(26(')C) psi)" = c_.7 in

Assume a rod diameter of (].5 in The annul us area., then., i.s the

bore area minus the rod cross-sectional area.

A_,_ _r_,_= ]T(0.35 in)i= C_.3848 in _

A,_= r_ = ]r(0.25 in) = 0.1983 in _

A_,-- AM_- A_d=. 0. 384,8 in _- (].1983 J.n_
= (]. 1865 in _

The annular area must now be checked to see if :it is

enough to lift the required load.

i arge

0.1983 in _> 1005 Ib/ 2600 psi = (]).3865 in _

As is seen from this result." i:.he bor_'!, area must be increased to

supply enough annular area to lift tlne load.
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Let db.,_ 1 0 in

Then, A_,_ _- _-Trr_,,= _(cj.5 in) = 0.7854 in

And, A_ 0.5871 in m

Testing again:

0.5871 ini> 1005 Ib/ 2600 psi = 0.3865 in

This shows that a bore diameter oT one inch(l.O in)

suTficient annular area.

D_

gives

3.2 COLUMN STABILITY

The hydraulic cylinder- rod, when fully extended, can be

modelled as a clamped-clamped column. Being so thin, the

critical buckling load of the rod must be determined to see if

failure is possible under loaded conditions. The critiral

buckling load for a clamped-clamped column is given by the

tel at i on :

= 41E/E_r T

E = 30E6 psi I = 0.0031 in ÷ L = 54.0 i n

F' = 1260 ib

A marg:i n of safety of two(2.0) is recommended ,_or this

application, that is, iT the rocl is to be laoded at one-thousand

pounds(1000 ib), it must be capable of withstanding two-thousand

pounds(2000 ib). From above, a halE inch(O..5 in) diameter does

not meet this requirement.

L.et_, d,oA:=: 0.'7 _:.,._. in

Then, F_ = 2008 lb



This diameter is acceptable. However, the annular area must be

rechecked.

A,a= _r,o_= r(0.375 in) = 0.4418 in w

A_ Z A_E _= 0.7854 in s- 0.4418 in _
= O. 3436 in _

This is unacceptable, therefore, let d_(e= 1.2 in

A;o,_ rrr_o_=Tr(0.6 in)_-= 1.131 in _

A = A_i- Ar_--."-1.131 in_- 0.4418 in _
= 0.6892 into

These dimensions: dr0_ = 0.75 in, and d_w_ 1.2 in, now

meet the requirements.

The commercial hydraulic cylinder that meets these criteria

is the Lynair Inc. number H-I.2-A-3-1-54-0.75-S . The ordering

scheme follows this form: Model-Bore Size-Mounting Style(foot

mount)- Type of Cushioning(cap end only)-Rod End Style(full male)

-Stroke Length-Rod Diameter-Port Location(same side as mount).

The hydraulic cylinder should be equipped with a Chevron polyi_ide

vacuum actuator- seal. A sketch of the hydraulic cylinder is

shown in figure 2.

4 ELU!_ CONTROL

It is desired that this system posess the ability to be

attached and disconnected quickly from the main operating

vehicle, lo acomplish t.his, the design requ:ires one input arTd

one output flow line to (.he system. The two work producirTg

fluidic c:omporlent:s(hydraulic cylinder, hyclraulic mot.of) must be

r? .7



supplied by this one input. Therefore, the input is

into a flow divider. A Prince Hydraulics model RD

proportional "flow divider can preform thes task.

directed

200 (4 : 1 )

4.1 FLOW DIVISION

The RD 20C)(4:1) proportional Tlow divider wi:ll divide the

•flow of one pump into two equal flows, regardless oT the load

variations on each stream. The input flow can r-hange and the

proportional flow divider will divide the flow equally. The

unequal flow ratio is required because the flow rate in the

hydraulic motor" is approximately four times greater than that in

the hydraulic cylinder. Flow through the divider is in one

direction only. The outlet flow from each component is to be

combined using a Y shaped flow combiner. A Snap-Tite Inc. model

FSS40FT25NST Siamese .fitting is acceptable for this pourpose.

However', The Fit.ting must be stalled down to a one inch(l.O in)

output port and two one half inch (0.5 in) input ports° A

device such as thi.s would have a model number FSSIFTO.5NST

according to the Snap-.Tite Inc. ordering format.

4.2 CONTROL VALVES

The

must 10e sent in t:wo different directions. That is, to the

ancl cap encl o.f the Inydraulic cylinder or to the high

pressure port.s of the Inyclraulic motor_. "The location

-flow Trom each line of the proportional flow clivider

rod

ancl Iow

of { Iui d

.,-'l "-',

.,:L /
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supply

acting.

Prince

will change depend:ing on which direction the component is

A three-way valve directs the flow in this manner. The

Hydraulics model RD __-100 type T."_ valve was selected for

this application. This valve can power a hydraulic cylinder or

hydraulic motor in both directions. In neutral, the work ports

are blocked and the pressure port is open to tank. A summary of

the RD 2100 type T3's characteristics is shown below in Table 2.

Port Size - 0.5 in inlet, outlet, and work ports

Spool Type - T3(3 way/open center-)

Relief Type - direct type ball/spring relief

rated: 2800 psi for cylinder

2500 psi for motor

Load Check

Option - l(load check installed)

Spool Attachment -3 position spring center to neutral

Inlet - A(standard location)

Outlet- l(standard location)

!_L_ 2_: RD 2100 73 valve characteristics

4.3 PRESSURE GAUGES

The astronaut/operator needs some feedback on how the dril-

ling operation is progressing. In terrestrial operation, the

operator listens to the dr:ill to tell iT he :ks pushing it too

hard or" not hard enough. The hearing impairment, a lunar enviro-

nment presents to the astronaut/operator, prevents him from lis-

tening to the dri:lling. To supply him with information, pressure

gauges

valves

valves

cylinder)

Co. gauge

are placed at tlne outlet ports of the directional control

for the Inydraulic cylinder and hydraulic motor. These

should be calibrated to red line at 260C_ psi (hydraulic

and 2350 psi (hydraulic: motor). A ]emplet.on, Kerlly &

number- 18900 with range 0 ....5000 psi and face dial



diameter of 4.5 in is adequate .for this job.

an adapter._ number 18976.

This gauge requires

4.3 8Q!MS!Q8 QESLQ

In

actuator

desi gned.

our hydraulic cylinder system_ we decide to use same

seals that in "NASA 1971 Space Shuttle Study" they

As you see Drawing _--?-_I_ the approach to the high

temperature actuator seal problem is the use of advanced polymers

such as polyimides in chevron conf:igurations with needed sealing

force provided by pressure and metal springs.

According to their- data._ such designs have been successful

under severe duty cycles to 500 F. In simulated aircraft fight

cycle experiments at 500 F sealing a 4000 psi silicone fluicl from

atmosphere., the leakage rate for over 1000 hours of operation was

less than 0.02 cc per hour. Also lubrication studies in vacuum

show polymides to have evcellent self-.lubricating properties and

have no measurable deterioration in vacuum until temperatures of

about 700 F are reached.

4.5 ..........................o......_qROTATING SHAFT _EAL_

Like

shaft seals that in "NASA 1971 Space Shuttle studies"

designed for tlqe lqydrauric motor. (shown Drawing 2-I-2A)

design utilizes a spiral groove radially outward pumping

seal with interface liquid feed to remove heat. generated in share

of the thin (100 t.o 200 mic-roinch). Further_, a hel:i,cal groove

actuator seals_ we are going to use the same rotating

they

This

face

": C,',m,



molecular flow vapor seal with low surface energy barrier

is provided to contain leakage past the spiral liquid seal.

Drawing 2-I-2B)

According to "NASA 1971 Space Shuttle Studies", the

groove concept was used to provide a no leakage seal for

fi Ims

(see

spiral

I i quid

sodium and oil and has been in corporated in recent experimental

mainshaft seals for aircraft. Studies of a rotating helical

molecular flow seal combined witln a visco seal for organic: fluicls

(4P3E polyphenyl ether) at modest pressures gave leakage rates

vacuum (10 torr) of 0.7 to 2.6 kilograms in 10000 hours.

4.6

Hydaulic hose has a finite life and factors which will

reduce hose life are;

(I) Flexing the hoose to less than the specified minimum bend

radius.

(2) Twisting, pulling, kinking, crushing or abroading the hose.

(3) Operating above or below the hose operating temperature

range.

(4) Exposing the hose to surge pressures above the operating the

mavimum operating pr-essure.

For our- hydraul i c system, hose

pressure under _/,_. psi We will use

should stand internal

'AEROQUIP CORP. High

F'F_esSL!I'-E'/ HOSE', r::it-'F i rig, Assemb]. i es Nr: , ,-,<, o , Mq?'::_-:',:::o..._::::..-._..................... .(-') .r.';, ,...; -" ',-:.,""" L.. _9,nd .................. ,..... "....

F::'r_:.:.x!_._ii.urc._:/l...t,:::_se, 3Ni t.i::i, rig, Assembl :i.e'.-s F!o,, 68;:)-...._i!b-.!.... ar_d MS2:!i!!7!.:.:_'::<-Eb ]......
3 i',._
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2-3 1 1

-" 1 1
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DISCRIPTION

Lynair Inc.

H- 1.2-a.-3-. 1-54-0.75-s
Hydraulic

Cylinder

Spec ial Cylinder

Rod-Motor

/Frame

Mount

Adapter

Special Motor/

Frame

Mount

Prince

Hydraulics

RD 2100 T3

Direction

Control

Valve

Prince

Hydr aul ics

RD 200(4: i)

Propor-.
t i ona].

Flow

Di vi der

Aeroquip Corp.

Hose 680-8-L
Hydraulic

Hose

Snap-Tite, Inc.
FSSIFTO.5NST

Flow

Combiner

Templ eton,

Ken ly & Co.
# 18900

Pressure

Gauge

Templ eton,

l<en].y & Co.

# 18976

Sunstrand

Pressure

Gauge

Adapter

Hydraul i c
Motor

Special Actuator

Seal

Special Frame

Struts

Special Frame

Col I ar

Special

Special

'Adapter

Housing

Clip Bar
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1 3 Special Retainer

Spr ing

1 4. Special Pivot Pin

!!!!i!!!!_!:]El [!_;_ii!!;,::_

1,, AnEtnor Desigr_

The penetration force needed is approximately 700 ibf which iT we

neglect the weight of the drill, would cause a reaction shear

force of 700 Ibf distributed on four bolts.

Design of the type and size of the bolts.

Assume that during the operation, an additional fluctuating

reaction

caused due to vibration.

Then the loading diagram would

be that of figure °choosing a

factor of safety n=2,the maxi--

mum shear stress on the bolt ,
2

S=(n.r)/a =(2_250)/(( /4)_cI )

of about (3(:)(:)ibf/4 bolts) =

$

i?_-"

175 Ibf/bolt) might be

R

Where d is the nominal diameter of the bolt.

SI__ = SI_ =Using a bolt material with d: 115 ksi ,and

thedistortion energy theory of failure,we get:

LlSi ng

S = .577 S
u_

n'la)-c

= .577 _ 115 =66.35 ksi

Using a fatigue strengtln reduction factor K_ for cut threads and

ORIGINAt ";"_' _"
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SAE grade from 4 to 8 : K = 3.8 which also accounts for surface

finish Tactor,size factor and stress concentration factor,also
]

using 50 % reliability.

Ignoring temperature and miscellaneous effect:

Se = 66.35/3.5 = 17.46 Ksi

Equating (i) and (2)

20c]c]/d = 17460

d = 0.2

in which is the minimal size for n=2 so to be on the safe side

use d=0.3 in use SAE Grade 4 Bolt, 0.3 in diameter(Nominal)

Proof strength of 65 Ksi

Tensile strength of 115 Ksi

Yield strength of 100 Ksi

Hardness between C 22 and C 32 (Rockwell)

Medium carbon cold drawn steel

At = 0.045 in

To be conservative in our design we can use either larger bolt

diameter or more than 4 bolts however larger number oT bolts may

yield a better- load distribution which also helps distributing

the vibrational stress.

2,, Implement Interface Movement

Levelling the drill to operate vertically is a task achieved

by hydraulic cy].inders acting on the base of the drill; attached

to the frame of tlne backhoe as shown in Figures A and B. The

levelling mechanisms shown in Figure A cylinders I, 2, 3, 4, and

5 acc:ount for rotating the drill about the z--axis and the y-axis.

ORIGINAL P/_.GE IS
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Cylinders i, 2, and 3 would control the required position with

respect to the z-axis, and the two cylinders, number 4 and number

5 (symmetric to number 4 with respect to the x-y plane, not shown

to simplify the drawing) would control the required position with

respect to the y-axis. As far as the levelling around the x-axis

is concerned, this should be accomplished by an implementary

design on the body of the backhoe as shown in Figure 3. However

this design is necessary .For the backhoe to be able to assume

that 'the drill is anchored to a rigid body with respect to the

ground, which is necessary for the stability oT the system when

the drill is operating. With this additional feature we can

acquire a levelling control around the x-axis within a narrow

tolerance, which is also large enough to put the drill in a

vertical position.

DRILL STRING ASSEMBLY AND DISASSEMBLY

To dr-ill 0-5 feet (assembly) :

io Couple preassembled drill string head to motor.

Dr-ill 5 feet, then to obtain core (disassembly):

I. Retract motor to upper limit position.

2_ Unscrew head assembly "from motor.

3. Unscrew outer core barrel from head assembly.

4.. Pull out head assembly still, attached to i nner core



barrel.

5. Unscrew core lifter case from inner core barrel.

6. Slide core out of inner barrel.

7. Reattach core litter case to inner core barrel.

8. Unscrew inner core barrel from head assembly.

To drill 5-10 feet (assembly):

i. Screw second preassembled outer core barrel to first

outer core barrel (in ground).

2. Couple first inner core barrel to second preassembled

inner core barrel.

3. Attach inner core barrel assembly to head assembly.

4. Insert inner core barrel string into assembled outer core

barrel string.

5. Attach head assembly to outter core barrel string.

6. Attach head assembly to motor.

Drill 5 feet, tlTen to obtain core (disassembly):

i. Retract motor to upper limit position.

2. Unscrew head assembly from motor.

3. Unscrew head assembly from outer core barrel.

4. Pull out head assembly still attached to

barrel string.

5. Unscrew core lifter case from bottom inner core barrel.

6_ Slide out core from lower inner core barel.

7. Reattach core litter case to bottom inner core barrel.

8. Unscrew inner core barrel string _rom head assembly.

inner core

To drill 10-15 feet (assembly):
OR|GINAL PAGE IS
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i. Attach third preassembied outer core barrel to outer core

barrel string (in ground).

2. Couple third vaned inner core barrel to top of inner core

barrel string.

3. Attach head assembly to inner- core barrel string.

4. Place inner core barrel string into outer core barrel

string.

5. Attach head assembly to outer core barrel string.

6. Attach head assembly to motor.

Drill 5 feet, then to obtain core (disassembly):

I. Retract motor to upper limit.

2. Unscrew head assembly from motor.

3. Unscrew head assembly from outer core barrel.

4. Pull out head assembly still attached to inner core

barrel string.

5. Unscrew core lifter case from bottom inner core barrel°

6.. Slide out core.

7. Reattach core lifter case to bottom inner core barrel.

8. Unscrew inner core barrel string from head assembly.

9.. Dump cuttings from upper two core barrels.

10.Attach head assembly to inner core barrel string.

"To drill l,J-,J, feet (assembly) :

I. F'lace inner core barrel string into outer core

stri ng.

2. Attacln head assembly to outer core barrel string.

3. Attach drill rod (5 ft.) to head assembly.

barrel



4. Attach drill rod sections until reach motor- level.

5. Attach last drill rod to motor.

Drill 5 feet, then to obtain core (disassembly):

i. Retract motor to upper limit position.

2. Unscrew drill rod from motor.

3. Uncouple drill rod sections until reach the head

assembly.

4. Uncouple last drill rod from head assembly, then repeat

steps 3-10 for disassembly after 15 feet, and continue.

This report proposes a coring dust removal system for the

lunar core drill being developed for- NASA_ This system will

include auger flights to transport the cuttings pr-oduced and a

clnip basket to contain the coring dust when drilling depths

exceed ten feet. I will use a double tube core barrel to

accomplish these tasks. The auger flights will consist of

grooves machined in the outer barrel, and the chip basket will be

a modified inner bar-rel with a varied en_r"y section to allow the

coring dust to enter and a flat plate separator to separate the

cuttings from the coring sampl, e.

After my prelimi, nary design work, I have recognized three

areas which will require further" considerat:i, on: a w:Lreline system

7 _:::'.>( ,r "
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to ease

bayonet

flights,

removal oT the inner core barrel and chip basket, a

mounting system for proper alignment of the auger

and a drilling duty cycle to allow the bit to cool by

conduction to the lunar subsurface. Because of the difficulty

which may be encountered assembling and disassembling the drill

string at deep drilling depths, a wireline system needs to be

considered which will reduce the wear- on the outer core barrel

and ease removal of the inner core barrel assembly. Also, a

bayonet mounting system, similar to those used for 35mm camera

lenses_ would be an effective method for proper alignment of the

auger" flights on the different drill sections.. Finally, since

the estimated temperature of the lunar subsurface is 235 K at

depths below thirty inches, a drilling duty cycle consisting of

intermittent periods of drilling and cooling could prove to be an

effective method to solve the problem of bit overheating.

Coo I in g

Since convective cooling is out of the

operation in a high vacuum environment,

other solutions.

i) An internal cooling fluid cycle passing through

grooves in the core barrel wall. However, this solution

impractiral because of the difficulties in manufacturing and

gett:Lng rid of the heat in a vacuum environment up on

surface, once the heat is evtracted from the bit

2) Another' solution is to rely on the radiation

conducti on

i n f or" mat :i on

question because

we are left with

the bit is still a main problem for its durability.

of

two

drilled

is

in

the

and

modes of heat transfer by feeding bit temperature

into a microprocessor attatc:hecl to the fr_:.[i.j:_ '_ "_h_("3_l'_ !_



would be programed to shut down operation once a prescribed

temperature is reached. Then let the bit coil through conduction

and radiation at the bit-rock interface. An information flow

diagram is shown in figure C. However, to avoid the difficulties

encountered in constructing this system, the microprocessor can

be programed to shut down drilling after a prescribed penetration

is reached. This program should be based on laboratory test

measurement.

One possible recommendation would be to search for a less

expensive core bit. The processes involved in making the desired

core will be extremely expensive to manuT acture and the

materials, including the alloy and the diamonds used, do not come

cheap eitlner. Perhaps some sort of impregnated diamond bit should

be researched more heavily. Although the current design has

premium cutting ability and durability, an attempt at a less

expensive bit might be worthwhile especially if cost is of great

importance.

The speed and

depends soley

astronaut/operator,

efficience of the entire drilling process

upon the astronaut/operator. The

on the ether hand, relies upon information

received from the pressure gauges. To ensure accurate gauge

readings and subsequent valve actuation, a microprocessor can be

installed on tlne drill. The microprocessor will work by: I)

receiving pressure information from the pressure transducers

located at the hydraulic cylinder and hydraulic motor high

pressure ports; 2) comparing the incoming pressure data to

OF POOR QUAL,r_



critical (somewhat below red line) values stored in the

microprocessor's memory; 3) if the pressure exceeds the critical

val ue_ the microprocessor will send a signal to the valve

solenoid actuator., thus restoring the pressure to its optimal

value. However _ the microprocessor is not limited to only

controlling system pressure. It may also be integrated into the

system as a temperature monitoring device and/or with

modification, a frame vibration and alignment sensor.
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APPENDIX A

The estimated load necessary Lo cut har-d rock .iss

F_= 50<i ib

The ct..tttin9 load can t;:)_-_expressed as:

F_,,,..:....2 x F_,,,,,,=2 (5,:](".'.!'b ) = i00() Ib

r.ricf-ion r"esults from cuttir,,g and from wall-drill_ string scra-

ping. The wall-,.dr"ill str:ing ,fric:Li. or_ :is estimated to be F_.,L = 100
i b. _c

"-_ ('_ 1

0, 5 = c:o e _,f i c: i eJ] t:. o.f: s ! :i.d i rIyg 4:r i c t. i o n ( _c )

The total perr:i,.ferial force is the sum oil the fri,:ztic_nal
and the cutting force,,

forces

Fr_r = _,._ + F_It+ F,,_-
== 2.5C} lb + 1()() lb + l('X}-O ib

.... .t..=,,.._.... 1 b

The torque I"eCIL._J. I'"E.+CI "f:(]l .... dl'-i ]. ]. in(f.] c:ap, now be deter-mi ned,

:::: s
where :, r_,_ ::= a,,,I_r'Ia,]__]e b :i, hi r .z-t,::J]. L'S

c = :[ ":r=-c, ]. h f (.'.:_ .J i _::>l:, i I'] )

= 780 :i.n.-...ib

The inert:ial tc)rque must also I::,e acc:¢m.inLeci for,,

whet-e, m .... pAL :..... _0.2703 lb /in -_) (0.2977 ir'?'. ) (.S()() :i.r_i'

...... 4:S 27 :, 1 L:,,_

"rl_r<i,ref:cH'_s,,., Tin :=:<44=',..... ,, 2.7 .,.__.,"i:, ,....... ....'.:.:.t:?!!!iiii!i' :i r_ ::.... ,_.:I,, ,..? :i r, - ] I-;..

'i-h e t o L a ]. t ,::.]r !:tu,:.÷_

:i.n e r i:. :J.,_,1 t c-,r q u e ,,

E:. "i:.I]E, :!ii.Ltm _::)f:!..i":,E, ,-..........._ _! [:. :J [-_',)[i _:.,:::',;" -, ___.... -, ,--- ,-_ 4- I,. ,-,

OF !F'+_?_ 7':e.,;'+"_



T = TI_,_ + T,_
= 780 in-].b .+- 11.2 in-ib
=. 800 in-..lb

U':sir7g the [_orque :i.rT{ormat-ion above

can be calcLt].ated.

•_-he o!-her motor paramet.ers

E'..stimated output "..-.peed N) to be (7 -.. 650 rr.:)m

..... __-"- b e ;."p r e s s e d a s :;The power e,.,r..,=q,ded c.:,-:,'.n e

P0_ = T,-_r;-' N/6:"!I(.K)C_
= 800 in--lb ,." 65() rpm,"_f:30,9:"_'

:-': 8. z.'=,J Hp

Also, po_ = P >' Q/660(; = 8.25 Hp
.... 25()0 psi -' Q/66(z()

mh e-_r" E'x:or' ('=._ Q .'="_• ._..1.78 in _Is

The estimated eT_iciency of all flu:i.d:i.c components i's assumed t.-.o

be n:i. net.y--t:hree percent (93%) ,, Thus, the parameters mu's_- be

correr.::ted Xor tlni s rat .1.rig,,

Q = 21 ,, 78 :i.rT'_/..'s ,/_"'_....,, o..:,,._, = _,..":'":'...,,, 42 J.n'_/s

p := ,..q,, 25 Hp..../,:-). o-:'.,..J = 8 . _i_,7 Hp

]h_=, mot:.c)_ .... paramet:.ers ","_:, summar:i.z_:,,l be].ow, in Table A i

Q = [23°42 :Ln-'/s

T = _!:}2('_ :i.n-].b
N = 650 rpm F' = 2':,-'_"2x2)psi

F2.,= [!?,,,F_7 I...!p

ORiCIN_j' P),_E tS
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APPENDI X B

This appendix summarizes tlne ca!culatir.)r'_ c:._< dr:;.1]..--,_..ring weight

and inertial lift -_orc:e, The tot.a] .,_orce(F ) required by

drill-string weiglTt and inertia fan be.',c_.xpressed as:

F_ = ma + w

m ..... I]'/a '.'B"_

a ..... a c: c..e i (_ r- >_'_t :i. ,:Dr7

w .... _;_e :i.g h t

TITe mass is given by:

m = PAL
= 0,2703 lh /irP (0,.:'77 ir"__) .':600 in)

= _[r:_ 27 l b_

- d_.n_], t /
A c r u._..-., =._ c L _.o n a 1 a r- e a

L ..... i en47t h

"[he weight is given by:

w = mg
..... 4.8 ,, 271 I-_:: ( 5 ,, ,36 7 _:t ,"_s )
= 259 1 b

g .... ]. unar g r a,./:L t :_Yt i or_
• * _'" .-1g = g / c, ....... :,.,::.,, 2. -{:t / s _ / 6

= 5.3 6 7 -f:-I: / S'"

]"h(,_:_ aE:CE,1 erati or"_ :Ls gi vE'r-_ by::

a = V i/2S

v ..... vel .r'jc i ty
s ..... stroke distar7ce

The (_-:x"-,_:::,' + ._;,,,:::1ve 1 ,:::,c_._..... i .... t el", .x:{;_z,l:. p e-:-r m i r"_Ltk {:;='( I 0 'i: P m '_
Th (-:-:,s t r" ,.:::,I-: :_ d i s !: ,.:-_n c e i s .FC,LU.... a r_,::! a h _: _ '_: ,_:_.:-:,e t ( 4.5 '_:I:. ) ,,

/TI/"ler(---._/.ForE9, a ::::: ( _: J.([:) 't:p;TI) ( :i. P;'i:i.l"i/",:":,(:) '_u.:..>._,.:::.) .) / .,::.....

::: ("} . (-)A":.: "I ._ I" ./_' _

oRIGINA ......

OF pOOR QuALrI_



The necessary elements required to determine the ;orc:e needecl to
overc:ome dr:L 1 l--string weigh't and ir"_e!'t:k a arE, r_(.-_x._avai 1 able_

F_ = ma + w
:= 48 ...... lb (,_'i,()031 ._t./s ) + ,._:- lb

= 260 1 b

Motor weigfYL and :i.r'_-l"_c._le i_;':i, ct:i. or_ must be ir",,cluded ii] this

analysis as c:,th_--:r .for'ces(F_)o "r'he motor :i.s estimated t:o be .f::L.f:ty

pounds(50 lb ) and t.he in--.hote .frict:i. on is ,zestj.nlat.r_:_ci t:[] be t_._,h:s ....

hundred pounds (200 lb),,

T h E."r e _ o r e ::

Fo_. = 5(_. ib + (200 lb /32,,_..° ._.t/.s!._, .. 5.367 ;¢-/=._..,....
= 75 i b

The total li.ft:itng _orce t:hen becomes:

F__= F,_ -i. Fo_
= 260 lb + "75 lb

.... :,.:.,J i b

A sa-f(_'-xty .._actor o'f tl"H'ee(::!];) must be incorporated
H e I] f.::Ee

__ th:[s valu_'-z_,,

.:,J lb(3)

= 1 ('l05 1 b

The .{.:c,rce requ:i, red to, push the dr :i. :I.i _-itt":i. r;c) dL'rri i]c3 cc.'.r i r'_9 :i. !_-':,

T i ve-hur-_dr,::,.:.,d I" tonds (50() i b ) _ The ......... "C'* -........... a=,-:_u_ ..... :L,:::ins made i.F'_ ,z-'stimatir_g

............ " I, I {: I r:_I. (:) I- [-: t i"'_E' I:::'Lt !.:.:hthis v,'.:,]-._<-:. _,,,arent ._ sa.f:ety .,_act';"_r o+ t:wo('2) ,, "'"-"_ .....
_: or (:::E' :i. t:.--,',',

F_v_ .....5,:'x') lb','2) ....1000 lb

OF POOR Q'._,L{'C'_



APPENDIX C

Vr)!u._me F1ow Rate Calc:ulations:

The vo].ume fl¢]w rat.e o.f the cuttings produ,:=ed by drilling is:

VF' =, HA * P

where VP is hhe volume pr-odu.ced pel .... minute,

HA is t.'he Inote area, and

F' is the 13enetrati,::Jn raL-.e.

The hole area :i.s:

HA =_T * ( H _ ..... C _- ) / 4

whc._re H is the hole cliameter, and
C i.:-s the cc:)re diameter.

Fol .... E:" size drilling equipment,

FI = 1.5 inches:, and
C = 0.8125 inches.

Therefore, HA = 1.25 i,lZ.

The ma;.-'.:imL_m penetrat:i, on rate ;or the LLLnar Core Drit]. :i.e: 4 :i.nches

per minute,

'v[:: ::-::..5 £!:]_L_._i._3

The vc:)lume .f].c::,w rate c:,-f cutt:i, ngs rem,::_,.;ed by th.'.-.o au,,.?jer- -F].ighhs i_s

Vi::;: .... GA * GL * RF'M

w h E, i" E._ VR is the volume _,:Low rate o.f c:utt, i r,,gs removed,

GA is t.he nuc.]el .... f::l. i ght groo'w.-_, area.,

GL :i.s L:I",(.': ].,:_:_n,_i=h of the auger- -F:l:i. gl_ts per r"evc, ILrl.:L.,:_ri, a!!ci

RPM :i.s the. angular vel oc::ity ,::H:thc, dr:i. :I.:t. str :i.n,.::.),,

The gl"oove area :i.s;

GA = GD * GW

;g h Ei,r E:' (-iD i s t: t".,e '._i.)r o o-, e d e p [.'.h, a n d

GL:.,f:i.":.=..[:.h E' g r ,::._(::)v _:_._!:J:i.d .1::I"_,

I.f I ':i,"' ...... ""

t. I-'.,e r_

GD ..... 0,, 05 :i. r'_(::h ar",.cl

;:}:"W ..... () ,, :1._[!;7 !-!; :[ r"_,::::h _,

"Z
GA .... 0 ...::::,09,::I. :i. r,



The gr"ocYve length per revolution is:

GL. ='_T * BOD * N / c:os 8_

where BOD is the co;'e barrel ciutside diameter,

N is the number oT auger" .fligkY_s, and

8 is the pitch angle oT the auger {light-s.

IT we use an EWM cor-e bar"r-el,, the out=._iJe d:i._--_meter is 1.4375

iriches.

Since __._e saEety the pr-evious

sp ec: i T i c at. i on s,

0

Assume an auger angle ,::)_ :1.5 , and two auger .fl:i. gPYLs.

"fhe groove lenot.h, then, GL = '7.35 :i.nc:h/revolut::i, on.,

The minimLtm drill str'ing Fpm .fol .... El'Ha 1L.trlar c:ore drit], is _:,,,.. rpm

: '.J_B = 2::/_i...._.Z_i:i.O.3/_._:i.:D.

She VOiLLme 'f:l,t")lfJ rate sa.fei:y .fa[:l:or' :is:

o. = "_B z:. Y.!:.I'.= _,_Z'.L_..

t:actof :i.s sat i s_ act,::q'- y,

shl')L_:[ d l::)e sat:i sT a (::t: c:,r y ..

Gr" o o v e Wi d t h = 0.._; ._°7.P;_..

Groove Depth = 0.05

Au.g,-:J ..... .. ::::: 1 5 °,..-_r_,....'.):1.('_- ... ,

ORIGINAL _" ,'c. -_;a,, B

OF POOR QUAL;TY



APPENDI X D

Chip Basket Volu.me Calculat:ions:

The volume o÷ c:uttings pr"oduced for each drill sl-roke is.".

VP = A ¢ L

where VF' is t.he volume of cutting's produced .for- each stroke,

A is t.he cutting area oT t.he dr-ill bit,, and

L is the length o'f the driti str,.oke.

The cutting area I:)f the bit is:

2
A =._. * ( H .....C

where H is the hole diameter, and

C :is the core diameter.

) / 4

For "E" size dri11 ecluipment, H = 1.5 inches, and

C = O. 8i "__ infzhes.

There.fore, A =: 1.25 .in2.,

If we use a 5 Toot dr-ill st1_oke,

!{F.:- Z_ :i_...0_3_,,

The volume of the inner tube is:

VI = L_T * AT

wher"e V:I: is the v{:):l, ume: o-f the inn.r.:_,r' tube,

L-I" is t:l"le length o.f the inne_ .... i:u.be, and
AT :is the area oT the :i.r_.ner" t.ube.

'lhe c:r'oss sec:t:i, or-_al horizontal area oT ti,e:, ir;r_e.,r tube .i,..-_:

Z
AT =_T * F::i:D /4

where BID is the :i.r",r_er" bar'r'el :i.nside diameter°

Fol .... E" size drill equ:i, pment,
barr'el is 0 "_ '_"=. :?..:,Ex.._ i rich ,,

Therefore, AT = 0069 :in2".

the inside diameter c)TC@He __rl[i_._'; .......

For our clesigr_, the ].c._,ngt.h c:rF El_e :i.r,nei .... tube :i.s 5 ..Feet..

This res{.,.it.s :i.n ,&
!6!:. :._: A.!.,,_.-! _?..:J....!::;.,,_.

b,Ie....... m L.L;_i L ii _:_E÷? _ :I, II I-_ E.._F t:] E i r I'- E., ]..E:. t: ,':3. c: c) F1 -IZ ?P,.:i. I] I" it (.-'::, C:: i..,t'[: 'i" :i, I:I C.:IE!. _ F-,....F_ _..........t _:::1 L

OF' PO0'_ O.,,moL_ (



..v.!. ::_: !_Z._;!.4: i.!]. _.

This leads to a saTety Tact.or o.;

[his is close to being unacceptable° This system can be tested

and, if necessary, t_he drill stroke can be shortened or' t.he chip

basket, section can be lengthened,
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PARTS LIST

_D.,.E-.__CF]! E"]-.!_o N

Drill Bit

1 EWG Reaming Shell (Acker 301680)

1 EWM Core Barrel Assembly (Acker 20319-68)

2 EWM Outer Core Barrel (Acker ic_0101)

2 Reaming Shell Blank (Acker 100110)

Head Assembly

EWM Inner Core Barrel (Acker 3o0106)

Inner Barrel Coupling (modified)

1 Chip Basket Entry Section (modified)

7 Drill Rod and Coupling (Acker 21004-5)

1 Motor to Drill String CouplinQ (modified)

1 Flat Plate Separator (modified)

OF P(_O_ QUAUTY
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-__2DIF .I£D.____
AND EWG (ao_t_a)
REAMIMG SHELL.

oRIG|NA.I- pAGE IS
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1

2

F'ARTS LIST

D_ .S_cS,![:I !.._

EWG Reaming Shell (Acker 301680)

EWM reaming Shell Blank (Acker 10()i10)

Gr_ove Depth = 0.0738 inch

Groove Widtln = 0. 1875 inch

Pitc:l'_ Angle = 15

Grind drill string assembled and mark coupling order

of drill string components to ease later' assembly.

ORIGINAL P,,'_GE15
OF POOR QUALITY
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(5" #_.)
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1

PARTS LIST

_o_e_sCS!_I!Q!:J

EWM Outer Core Barrel (Acker 100101)

EWM Outer Core Barrel Assembly (Acker ,=o,:,19-68)

Groove Depth = 0.05 inch

Groove Width = 0. 1875 inch

Pitch Ar.gle = 15

2 Auger Flights

Grind Drill String assembled and mark. coupling order

of components to ease later assembly.

Flights end 5 inches from top of third barrel. Drill

a 0. 1875 inch hole at the end of each of the auger

f I i ghts.

ORIGINAL PAGE Iti
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PARTS LIST

Steel Tube (UNS GI(..)Io.) HR>

I.D. = 0.81_J inch

O.D. = 1.0625 inch

Length = 4 i nc:hes

Instructions

Thread tube at both encls to the same dimensions as the

inner barrel threads.

ORIGIN,_L PAGE 18
OF POOR QUALITY
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1

PARTS LIST

0. 125 inch X 2 inch Ion_] Steel Rod (UNS G10150 HR)

Tube Steel (UNS G10150 HR)

ID = 0.8125 inch

OD = 1.0625 inc:h

Length = 4 inches

Cut steel tube in half. Weld steel rods 9(:) degrees

apart to divided section of the steel tube. Top thread

di mensi ons same as head assemb Iy inner barrel

dimensions_ and bottom thread dimensions same as inner

barrel thread dimensions.

ORfGii_AL P_%GEIS
OF POOR (_R.IALITY
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NE 4182 NEEKL_' PROGRESS REPORI

PERIOD: Jan. 10, 1985 THRU: Jan. 17, 1985 TEAM NO.: TIT 2:30

TITLE: Lu_ Corin_ Drill

COMMENTS:
Team met and devided work up. Each member was occupied

with researching present core drills and their operation.

Trying to locate information sources is presenting a

problem.

NAME, INITIALS

1)Christopher Thompson

2)Habll Khater

3)Alan Schunk

4)JackKimsey

5)Jae Lew

6)

TOTALS =

HOURS

ENGINEERING TECHNICIAN CLERICAL

10

i0

5

7

6

38

TOTAL

10

10

5

7

6

38



HE 4182 NEEKL_ PROGRESS REPORT

PERIOD:

TITLE:

Jan. !8.._.198_

L;_n_r Cor!n_ Drill

THRU: Jan. 24 e 1985 TEAM NO.: TH 2:30

COMMENTS:

Met often to compare notes on individual research results.

Began researching lunar environment and its possible effects

on coring and core drills. Redefined individual duties with

respect to core drill components and processes.

NAME, INITIALS ENGINEERING

1_hristopher Thompson 9

2)Nabil Kha_er 8

3)Alan Schunk 6

4) Jack Kimsey 7

5) Jae Lew il

6)

HOURS
TECHNICIAN CLERICAL

o.5

TOTAL

9.5

8

6

7

Ii

TOTALS = 41 0.5 41._



NE 4182 gEEKL_r PROGRESS REPORT

PERIOD: Jam. 2_, 1985 THRU:Jan. 31, 1985 TEAM NO.: TH 2:30

TITLE: Lunar Coring, Drill

COMMENTS:

The team was primarily occupied wlth locating and studying

material pertaining to their own division of technical

concern. Preliminary feasibility studies have been made

by the group for certain components of the core drill.

NAME, INITIALS ENGINEERING

1)Christopher Thompson 8

2)Nabil Khqter 8

3)Alan Schunk 6

4)Jack Kimsey 6

5) Jae Lew 7

6)

HOURS
TECHNICIAN CLERICAL

1

'TOTAL

9

8

6

6

7

TOTALS = 35, 1 36



HE 4182 M_EKL_' PROGRESS REPORT

PERIOO_eb. 1, 1985

TITLE: Lunar Corl_ Drlll

THRU: Feb. 7, 1985 TEAM NO.: _I 2=30

COMMENTS :
Feasibllltystudies are continuing on components of the

core drill. Specification of preformance parameters have

been made for the hydrostatic transmission and power

system/prime mover. Seals appropriate for lunar operation

have been selected. Work is continuing on other phases of

the drill.

NAME, INITIALS

1) ChrlstopherThompson

2) Nabil Kh_her

3) Alan Schunk

4) Jack Kimsey

5) Jae Lew

6)

ENGINEERING'

7

5

5

6

7

HOURS
TECHNICIAN CLERICAL TOTAL

7

5

5

6

'8

TOTALS : 30 1 31



ME 4182

PERIOD: Feb. 7, 198_

TITLE: Lunar Ooring Dril ! ....

WEEKL_ PROGRESS REPORT

THRU: Feb. 14, lC)8_ TEAM NO.: TH 2==.0

COMMENTS : This week our group continued to research the

different parts of the core drill end discussed ....
its use ee sn implement for the bulldozer or
backhoe.

Our research materiel tnoluded technical reports
end VSMF catalogs to find out whet machinery is

already available.

_e also used mathematical formulas to determine

the tF_e and design of mechinerF needed for our

pertlculer specifications.

We observed bulldozers and backhoes on campus

to consider methods of tmplementin& e core drill
to these mechlnee.

NAME, INITIALS

1) Ohrietopher Thompson

2) Nebil Kheter

3) Alan Scbunk

4) Jack Kimsey

5) Jse Lew

6)

HOURS

ENGINEERING TECHNICIAN CLERICAL

o.3

TOTAL

J

7.9

J

TOTALS = 2_ =, 0._ 29.3



ME 4182 NEEKL_r PROGRESS REPORT

PERIOD: Feb 14s 1c_ THRU: Feb 21_ 198_ TEAM NO.: TH 2l_0

TITLE: Lunar ObTIPz D_ill

COMMENTS: This week our group continued its research,

created drawings, end made further calculations
in the development of the core drill.

Our reoearoh efforts included continued use of VSMF

vendors end standards, technical reports, end

explorin_ other technologies in which core drilling
is used ( high vacuum seals for rotating and sta-

tionery shafts, ice core drilling).

Also, we have begun to make drawings of the different

drill systems ( bit, duet removal, frame, hydraulic

motor and cylinder ) to be prepered to hand them in
next week.

Finally, we have doQe further calculations considering

column buckling, hydraulic cylinder size, end duet
remove 1 volume.

HOURS

NAME, INITIALS ENGINEERING TECHNICIAN

I) Ohrlstopher Thompson _ I

2) Nebil _Paeter 2. 3 2._

3) Almn Schunk = 1
J

4) Jee Lew 4 2

5) Jsok Kimoe 7 _= I

6)

TOTALS = p1,9 ' 7"_

CLERICAL

o.9

TOTAL

6

6

29.9



ME 4182 WEEKL_t PROGRESS REPORT

PERIOD:

TITLE:

Feb. 22, 1085

_ Coring I_11

THRU: Feb. 28 e 1985 TEAM NO. : TH 2z}O

COMMENTS: This week our gruop continued its research, created detailed
drawings, and made further calculations in the development
of the core drill.

WoPk has begun on writing the report and learning how to

use the Spellstar word processing software.

NAME, INITIALS

I) Christopher Thompson

2)Nabil mater

3) Alan Sohunk

a) Jae Lew

5) Jack Eimsey

6)

TOTALS =

HOURS
ENGINEERING ' TECHNICIAN CLERICAL TOTAL

2 7 3 12

3 1 0 _.

3 0 ?

t,. 1 0 5

6 1 0 7

19 13 3 35



NE 4182

PERIOD: Feb. 29, 85

MEEKL_ PROGRESS REPORT

Q

THRU: Mar. 7, 85 TEAM NO.: TH 2:30

TITLE_ LUNAR CORE DRILL

COMMENTS •

This week we finished our research, but continue to

design and draw in detail each part of the core drill.

Also, we redrew some of last week's design for the

final report. So far, we have completed 20 drawings

for the final report.

Each member has started to type his part of the re-

port on a word processor. Later, we will get together

and edit the final report.

NAME, INITIALS

I) Thompson, C.

2) Kbater, N.

3) Schunk, A.

4) Lew, J.

5) Kimsey, J.

6)

TOTALS =

HOURS
ENGINEERING TECHNICIAN CLERICAL TOTAL

5 5 I0

3 5

8 12

3 9

9 15

28

2

4

3

5

14

3

i

4 51


